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Nanograhenes or so-called polycyclic aromatic hydrocarbons, which have unique two-
dimensional structure and specific physical and chemical properties have aroused wide 
attention of researchers. Currently nanographenes can be prepared by crushing a large 
grapheme framents as well as organic synthesis. Well-defined nanographenes could be 
prepared by organic synthesis, which we can easily introduce multiple kinds of defects. 
Graphene has a variety of structural defects, such as hetero atom defects, non-six-membered-
ring defects, which have great impact to its properties. Defects of odd-membered-ring that 
introduced to nanographene cause the form of the novel curved structure. Now researchers 
has conducted more research to five-membered-ring defects but seven-membered-ring defects. 
We designed precursor molecules and hope introduce seven-membered-ring defects to 
nanographenes to examine the impact of seven-membered-ring to the properties of 
nanographenes. 
Hexa-peri-hexabenzocoronnen  (planar HBC) is in form of hexagonal rings. Hence hexa-
peri-hexabenzocoronnen has perfect planar structure., just like saddles. But the grossly 
warped C80H30 still contains two kinds of defects, one five-membered-ring and five seven-
membered-rings.  
The work in this thesis is listed below. 
1.  We successfully synthesize the nanographene with non-planar structure through the 
improved Scholl reaction and the hydrodehalogenation. And we explore the purification 
conditions of HPLC and finally measure out the molecular structure. 
2.  We chloridize the nanographene by ICl and measure out the chloridized molecular 
structure. The chloridized nanographene has a wider variety choices of substituted group for 
modification, which make the regulating and controlling of nanographenes’ properties 
possible. 
3.  We improve the Scholl reaction and explore the impact of different Lewis acids. We 
design several halogenated precursor for the Scholl reation to grasp the reaction mechanism. 
4.  We try FVP method to synthesize the seven-membered-ring nanographene. And we 
measure out the molecular structures of several unexpected nanographenes and their optical 















































































HBC 首次人工合成是由 Clar 等人在 1958 年完成的[14]，见图 1-1.他们将两个多环
芳烃在 153oC溴化后，偶联形成半闭合的 HBC前体，最后进一步在 481oC下加热 HBC




图 1-1 Clar的 HBC合成途径 
 






图 1-2 Halleux提出的两种 HBC合成途径 
 





















图 1-3 Schmidt报道的 HBC合成方法 
 
以上 Clar、Schmidt 等人的工作均为合成纳米石墨烯 HBC 提供了不同的途径，但
美中不足的是合成的 HBC 产率极低，均不超过 10%。1995 年，Müllen 课题组报道了
高产率的纳米石墨烯 HBC 及其衍生物的合成途径。该途径设计了悬挂于苯环核心的独
立苯环的 HBC 前体，基于 Scholl 反应进行氧化脱氢关环，得到高产率的 HBC。该途
径的优势不仅在于产率，通过对 HBC 前体分子进行设计、修饰，能够轻易地将各类官
能基团引入 HBC 边缘，这样得到的修饰过的纳米石墨烯 HBC，能够准确研究引入基
团给纳米石墨烯性质带来的影响，所谓“结构决定性质”。 
1991 年，Hyatt 等人通过二苯乙炔在 Co2(CO)8 的催化下发生三聚成环反应合成了
具有六重对称性的六苯基苯[17]，如图 1-4，该分子在 1996 年被 Müllen课题组用来作为
HBC 的前体，以六苯基苯为前体的途径使用了弱路易斯酸 FeCl3，在反应中 FeCl3具有
的氧化电势足以促成分子内 C-C 双键的形成，因此在反应中不需要其他的氧化剂。



















图 1- 4 六重对称 HBC的合成 
 
2001 年，Müllen课题组的 Shunji Ito 等人通过溴化二苯乙炔，如图 1-5，将不同的
基团取代至边缘苯环，与四苯基环戊二烯酮[4+2]环加成形成 HBC前体，并最终得到边
缘具有不同取代基的非对称纳米石墨烯 HBC。说明了该途径通过修饰前体就能简单地
得到边缘修饰的 HBC分子[21]。Fechtenkotter 等人也做了类似的工作，不再赘述[22]。 
 
 
图 1- 5 边缘不同取代的非对称 HBC的合成途径 
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